Thirty-seven infants with total anomalous pulmonary venous drainage have been operated upon at The Hospital for Sick Children, Great Ormond Street, London, with 13 survivors. Most were rapidly deteriorating when admitted. Cardiac catheterization, angiography, and operation were urgently undertaken to achieve the maximum salvage. Physical examination, plain radiography, and electrocardiography were insufficient for accurate diagnosis. Survival was closely related to the degree of pulmonary hypertension, which was dependent on the type of anomalous venous drainage and the presence of pulmonary venous obstruction. The prognosis was good for patients over 3 months of age, especially those without pulmonary venous obstruction, provided that they arrived in the hospital in reasonable condition. The best survival rate, nine of 11 cases, was achieved in those patients between 3 and 12 months of age with supracardiac drainage.
Infracardiac: Via a vertical vein to the portal vein or inferior vena cava.
Mixed: A combination of two or more of the above types.
Several major hemodynamic abnormalities are common to each of these. There is a volume overload of the right ventricle and pulmonary circulation resulting in congestive cardiac failure, and there is mixing of the systemic and pulmonary venous blood in the right atrium resulting in arterial desaturation. In addition, there is sometimes obstruction to pulmonary venous flow which further increases the burden on the right ventricle and may be severe enough to diminish the pulmonary flow below systemic (figs. 1, 2) .
More than 75% of these patients die within the first year of life,5' 6 often suddenly; BEHRENDT ET AL. The vertical vein was compressed between the left pulmonary artery and left bronchus.
rate, diagnosis and operation must be accomour approach to this problem and presents our plished at an early age. This paper outlines operative methods for each of the anatomic BEHRENDT ET AL.
types and our results with operations performed upon 37 infants who were part of a larger group of 56 children operated upon for this condition at all ages.
Material and Methods

Clinical Presentation
Thirty-seven infants less than 12 months of age underwent operation for TAPVD at The Hospital for Sick Children, Great Ormond Street, London, from 1963 until January, 1970. The pattern of pulmonary venous drainage in this group was: supracardiac in 22, cardiac in 11, infracardiac in three, and mixed in one (supracardiac and cardiac). The age at operation is shown in figure 3 .
These infants presented because of poor feeding, labored breathing, and, often, cyanosis. On examination cyanosis was usually present, but rarely was it prominent. In fact, the average arterial oxygen saturation was 73% (range 36-95), and only in three cases was it below 60%. There was generally a systolic murmur and, in one third of the cases, a diastolic murmur at the left sternal edge. Hepatomegaly was infrequent. Many were in respiratory distress, and seven required endotracheal intubation and ventilation prior to operation.
The chest X-rays generally showed gross cardiomegaly and pulmonary plethora. The wide mediastinum ("snowman"), which is typical of supracardiac TAPVD in older patients, was seen in only six of 22 cases. A "boxlike" configuration of the heart,7 due to massive right-sided enlargement, was evident in only a few of our cases. Normal heart size was seen in about one quarter of the infants, both with and without obstruction to pulmonary venous drainage.
T.A. P. V. D. -RELATION OF AGE AT OPERATION TO SURVIVAL
All 37 patients had right ventricular hypertrophy (RVH) on ECG, and 17 had evidence of right atrial enlargement. The hemoglobin averaged 11.8g% (range 9.9-20.0), and other laboratory tests were noncontributory.
Cardiac Catheterization and Angiography
In all patients the diagnosis was established by cardiac catheterization and angiography. In 22 patients complete left and right heart catheterization was carried out. In all instances an increase in oxygen saturation was recorded at the site appropriate to the type of anomalous pulmonary venous drainage, i.e., the superior vena cava (SVC), inferior vena cava (IVC), or right atrium (RA). In six patients the RA mean pressure substantially exceeded the left atrial (LA), suggesting that the interatrial communication was small. In four of these a balloon atrial septostomy was performed. Right ventricular (RV) peak systolic pressure was elevated in each patient, in 10 instances to a level considerably in excess of systemic arterial pressure. An RV systolic pressure in excess of systemic proved to be associated with angiographic evidence of obstruction to pulmonary venous drainage in nine of 10 such cases in which the required measurements were made ( fig. 4) 
Figure 3
Relationship of the age at operation to survival. Twenty-three patients had both right and left heart angiocardiograms, whereas in 14 instances the study was limited to a demonstration of the pattern of pulmonary drainage by injection of contrast media into the pulmonary artery or into the anomalous vein inself. These angiograms were all carefully reviewed by two observers. Even A left thoracotomy (crossing the sternum) was used to correct drainage via a vertical vein up to the left innominate vein or down to the portal system or IVC. This approach gave good exposure of the common trunk and LA and also allowed ligation of the PDA, if present. Cardiopulmonary bypass was begun, using the left common iliae artery for arterial input and a single line in the RA appendage for venous drainage.
The left common iliae artery was cannulated prior to thoracotomy. With this cannula in place, hypotension could often be reversed by a small intraarterial transfusion from the pump oxygenator, and cardiopulmonary bypass could be rapidly begun in the event of circulatory collapse. Dissection of the PDA was deferred until after all connections to the pump oxygenator had been made. To decompress the pulmonary circulation and prevent pulmonary edema, a vent line was Of the nine patients with obstructed supracardiac drainage, three survived ( fig. 4) Relationship of pulmonary hypertension to survival. Invariably, at autopsy the RV was massively enlarged, making the LV appear relatively small. The LV was thick walled, but in most instances was judged to be of relatively normal cavity size for age. The RA was large and the LA of normal size or somewhat small. The interatrial communications were between 4 and 7 mm in diameter, that is the same approximate size as the aortic valve orifice.9 Two appeared to be actual secundum ASDs, and the remainder appeared to be greatly policy is not to do this, because each of our patients who has come to autopsy has a large communication already.9 Furthermore, we believe operation should not be deferred because, in the past, four patients of ours died suddenly while awaiting operation. However, if the atrial communication is small, as indicated by a pressure gradient between the atria, the flow to the left heart may be severely limited, and the pulmonary flow and hypertension increased. Under these circumstances balloon atrial septostomy and delay of the corrective operation may help a critically ill infant. This is a most important question in the management of these infants which will be answered by further experiences.
At present we prefer to correct extracardiac TAPVD in two stages, as suggested by Mustard, ligating the vertical vein at the first stage, if this is well tolerated, but leaving the interatrial communication for a subsequent operation if necessary. This simplifies the initial procedure in these very sick infants and also allows a left thoracotomy approach to be used. We prefer a left thoracotomy because the frequently associated PDA can be ligated easily and because the anastomosis is more readily done than from a median sternotomy.
